"Australia" (Au) antigens from various groups of individuals were examined for the presence of d and y determinants. Antigens from all of the 214 individuals examined were found to possess either the d or y determinant, in addition to the a determinant. With the ay antiserum employed, antibody absorption was found to be a more effective means than demonstration of spur formation for detection of the y determinant. Antigens with ad specificity predominated in a collection of sera from non-ill Tongan children and adults, but no significant differences were noted in the specificities of antigens from individuals from four different regions. Almost all of the antigens from various groups of individuals in California, including inmates of a state hospital, a group of heroin users, and hepatitis patients from San Francisco General Hospital, were of the ay specificity. With one exception, antigenic specificities were found to persist for 3 years in a group of Tongan school children. Specificities also persisted in chronic carriers from California and in hepatitis patients over the course of antigenemia. Of 15 human and 4 animal antisera examined, antibodies to the y determinant were demonstrable only in a single (human) antiserum, and antibodies to the d determinant were demonstrable in one guinea pig antiserum and one horse antiserum.
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Various antigenic determinants have been demonstrated in hepatitis-associated "Australia" (Au) antigens (2-5). The so-called a determinant appears to be common to all antigens, and other specificities occur in combination with this one (3) (4) (5) . Levene and Blumberg (5) detected two determinants, termed b and c, which were present alternatively with the a determinant; the relationship of their b and c determinants to those more recently described has not been established. Kim and Tilles (3) described additional determinants of Au antigen, also designated b and c, and reported that the antigens which they studied existed as a, ab, or abc. They noted that antigens containing the c determinant had the electrophoretic mobility of beta globulin, and those with the a or ab determinants had a mobility intermediate between alpha-2 and beta globulins. Le Bouvier (4) described specificities in addition to a which he called d and y, and found that the two determinants were mutually exclusive and never occurred in the same antigen. He divided Au antigens into three subgroups based upon their possession of d, y, or neither. He also described another determinant called x which was generally present in antigens of all three subtypes. Preliminary studies suggested that the b and c determinants described by Kim Table 3 , were examined for content of antibodies to the d or y determinants.
Immunodiffusion tests. The immunodiffusion procedure routinely employed in this laboratory for detection of Au antigen and antibody has been described elsewhere (6) . For the present studies, the gel was modified to consist of 0.8%o agarose in 0.01 M tris-SCHMIDT, ROBERTO, AND LENNETrE (hydroxymethyl)aminomethane buffer, 0.1 M NaCl, 0.001 M ethylenediaminetetraacetate, and 0.05% sodium azide; it had a pH of 7.6.
Antibody absorption studies were performed by adding the absorbing antigen to the appropriate well twice in succession, permitting the well to empty, and then adding the antiserum.
Safety precautions employed in tests for Au antigen are described in detail elsewhere (N. J. Schmidt and E. H. Lennette, Amer. J. Clin. Pathol., in press).
RESULTS
Occurrence of d and y determinants in antigens from various groups of individuals. In Table 1 , it is shown that antigens from non-ill school children or adults in Tonga were predominantly ad in their specificity. These sera were collected as part of a smallpox immunization study from four different regions on the island of Tongatapu, and in each region there was a higher proportion of individuals with ad antigen than with ay antigen. On the other hand, the proportion of ay Failure to demonstrate a antigens lacking d or y determinants. When tested against homologous antisera, both ad and ay antigens formed spurs of precipitate adjacent to certain antigens, suggesting that the latter contained only the a determinant. However, spur formation with the ay antigen-antibody system was apparently due to an unbalanced immunological system, as antibody absorption studies revealed that the antigens assumed to contain only the a determinant (on the basis of spur formation by adjacent ay antigens) actually contained the y determinant as well. When antibodies to the a determinant were absorbed from ay antiserum (with the use of and ad antigen), the antigens in question formed a line of precipitate with the absorbed antiserum which gave a reaction of identity with that formed by known ay antigens. Thus, all of the 214 antigens studied were shown to contain either the d or y determinant in addition to the a determinant. Antiserum capable of detecting the x determinant described by Le Bouvier (4) had been charged twice with a negative serum, an ad antigen, and an ay antigen, and was permitted to diffuse toward wells containing ad and ay antigens. Antisera containing only a antibodies showed no reactivity after absorption with either ad or ay antigen; those containing y antibodies reacted with ay, but not ad, antigen after absorption with ad antigen; those containing d antibodies reacted with ad, but not ay, antigen after absorption with ay antigen. No antisera were found to contain antibodies to all three determinants. Table 3 shows the antibody specificities of human and animal antisera from various sources. Antibody to the y determinant was detected only in a human antiserum from the National Institutes of Health, and antibody to the d determinant was detected only in a guinea pig antiserum from the National Institutes of Health and in a horse antiserum from Hyland Laboratories. Despite the fact that all of the antigens studied were shown to contain either the d or y determinant, antibodies to these determinants were not demonstrable in any of the antisera from hemophiliacs, or in antisera from the same groups of individuals in whom ad and ay antigens had been demonstrated, viz., hepatitis patients, state hospital inmates, heroin users, and Tongan children. A guinea pig antiserum from Abbott Laboratories and a rabbit antiserum from Ortho Diagnostics also failed to show any additional antigenic specificities. DISCUSSION The antigenic determinants of Au antigen are generally considered to represent an expression of the viral genome rather than host components. This is suggested by several lines of evidence. Individuals from Willowbrook State School who SCHMIDT, ROBERTO, AND LENNEETE received serum pool MS-2 (1) developed antigen which was uniformly ay in specificity (4). Kim and Tilles (3) found that two pairs of individuals with a history of close contact had antigen with identical specificities, and two reports (3, 4) have indicated that antigens collected from a single individual over a period of time had the same specificity.
The present report confirms the persistence of antigenic specificities in a large number of chronic carriers, and also over the course of antigenemia in hepatitis patients. The single instance of a Tongan child who had ay antigen in the first serum specimen and ad antigen in one collected 3 years later may reflect a subsequent infection with a heterotypic strain of virus. Infection with the virus(es) associated with Au antigen would appear to be highly endemic in Tonga, as indicated by the presence of antigen in 17% of the children and 11 % of the adults examined, as well as antibody demonstrable by immunodiffusion in 5 % of the children.
It remains to be seen whether determining the specificity of Au antigens will provide a useful epidemiological tool for identifying sources of infection, or whether the antigenic determinants vary in different clinical syndromes. In the collection of Tongan sera, no significant differences were noted in the proportion of each type of antigen in the four regions studied or between adults and children; ad antigens predominated. In the major groups of individuals from California, including both acute cases of hepatitis and non-ill individuals, almost all antigens were ay in specificity, but a larger proportion of ad antigens were found in sporadic cases of hepatitis occurring throughout the state.
The finding that all of the antigens examined contained either the d or the y determinant suggests that the antigenic composition of Au antigen may not be so diverse as it appeared earlier, and all antigens might possibly be represented by two subgroups. The x determinant described by Le Bouvier (4) was found to be present in most antigens of all three of his subgroups, and it may prove to be common to all. Further, on the basis of electrophoretic mobility, the antigens studied by Kim and Tilles (3) fell into two groups.
The present studies further emphasize that unbalanced immunological systems may give misleading results in immunodiffusion tests, as evidenced by the formation of spurs of precipitate between certain ay antigens. Antibody absorption was found to be a more reliable means than examination for spur formation for demonstrating the y determinant with the antiserum used in these studies. Also, it was found that incomplete absorption of antibodies might give results suggestive of additional antigen-antibody systems. With the immunodiffusion system used for the present studies, "in-well" absorption was found to be more effective for removing antibodies than was preliminary mixing of antigen and antiserum prior to addition to the wells. However, unless the wells were charged twice with hightitered antigen, homologous antibodies were sometimes incompletely absorbed.
It is puzzling that only a single human antiserum could be shown to contain antibodies to a determinant in addition to a, particularly in light of the fact that all antigens were found to contain either d or y. Le Bouvier (4) has reported a higher frequency of antibodies to the d and y determinants in human antisera. Much remains to be learned about the antibody response to these determinants of Au antigen, both in natural infections and in humans "hyperimmunized" by multiple transfusions.
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